Abstract. Waste penicillin mycelium (WPM) was treated by microwave hydrolysis in alkali condition to remove nitrogenous materials; the residue was used to prepare activated carbon. The proper conditions for activated carbon with better iodine adsorption are obtained: activation time 1h, activation temperature 300°C, ZnCl2 concentration 20% and impregnation ratio 1:4. In this case, the product is micro-pore dominated activated carbon. As for the preparation of activated carbon with better methylene adsorption, the optimal conditions are: activation time 2 h, activation temperature 500°C, ZnCl2 concentration 30% and impregnation ratio 1:4. In this case, the product is mesopore dominated activated carbon.
Introduction
Penicillin waste residue is a by-product of the production of antibiotics in China. It is a complex heterogeneous mixture consisting of organic fragments, fibre and enzymes [1] [2] [3] . WPM is unstable and prone to decay, and long-term storage could cause the bacteria to selfdissolve and pose a serious threat to the environment [4] .
WPM was directly used as an organic fertilizer or feed additive, which might result in the abuse of antibiotics and endanger the health of human and animals. In recent years, researchers used penicillin slag to extract useful substances, such as protein [5] , chitosan [6] , ergosterol [7] , Ribonucleic acid [8] , etc. However, it is difficult to realize industrial production because of high cost and waste water generation [9] . Ren Xiaoqiong et al. [10] . Prepared gypsum retarder by hydrolysis of WPM, but the disposal of waste residue was left untreated.
Considering the high carbon content of fiber, preparation of activated carbon from WPM is also an option. Activated carbon is a kind of porous carbon material, widely used in chemical industry, environmental protection etc., and the demand is increasing [11] . But the cost of current process is high. It is imperative to find cheap materials for activated carbon production [12] [13] . Liu Bowen et al [4] . Studied the preparation of activated carbon by using waste mycelium, which proved technically feasible [4, 9] , but the direct preparation of activated carbon resulted in a large amount of NO x emissions, resulting in atmospheric pollution. Chen Mimi [14] [15] investigated different preparation conditions on the iodine adsorption value of activated carbon, but the activation mechanism of activated carbon and the relationship between the surface area and pore structure have not been explored.
In this paper, microwave and alkaline solution were used to remove the nitrogen compounds from WPM. The protein less filter cake is used to prepare activated carbon, reducing the emission of NO x in the process of activation. Moreover, the properties and structure of the activated carbon were characterized by iodine adsorption and methylene blue adsorption; therefore the adsorption characteristics of meso-porous and micro-porous activated carbon were determined.
Experiment

Materials
Sodium hydroxide, potassium iodide, iodine, sodium thiosulfate, methylene blue, soluble starch and zinc chloride are bought from market. WPM is obtained from North China Pharmaceutical Co. Ltd. Table 1 shows the composition and content of the elements of WPM. 
Methods
Process Description
The WPM is dried, ground for 20 minutes. Then it is mixed with sodium hydroxide aqueous solution, hydrolysis by microwave-heating. The mixture is filtered and washed. The filter cake is impregnated with Zinc chloride solution for certain time, dried, and activated in muffle furnace. Then it is dissolved in 20% hydrochloric acid, boiling. Finally, it is washed until pH is close to 7, dried at 105°C, grinding and screening with 100 mesh sieves.
Preparation and Process Optimization of Activated Carbon
The effects of activation temperature (200°C, 300°C, 400°C, 500°C and 600°C), activation time (0.5 h, 1 h, 1.5 h, 2 h, 2.5 h, 3 h), ZnCl 2 concentration (10%, 15%, 20 %, 25%, 30%, 40%) and impregnation ratio (WPM : ZnCl 2 solution=1:3, 1:4, 1:6, 1:7, 1:8, 1:10, 1:12) were investigated.
Testing
Determination of iodine number of activated carbon was performed according to GB/T 12496. . Determination of methylene blue adsorption value of activated carbon was performed according to GB/T 12496.8-1999.
Micro-structure
The micro-structure of activated carbon was studied using scanning electron microscope (Hitachi S-4800-I).
Results and Discussion
Removal of Nitrogen from Penicillin Waste Sludge
WPM was mixed with sodium hydroxide aqueous solution, hydrolysis by microwave-heating. The optimized process conditions are obtained: solid-liquid ratio 1:4, reaction temperature 85°C, pH 13, reaction time 20 min. When washing three times, the nitrogen removal rate reached 75.4% after washing two times for the cake. See table 2. 
Preparation of activated carbon
The protein less filter cake is impregnated with zinc chloride solution for certain time, dried, and activated in muffle furnace. Then it is dissolved in 20% hydrochloric acid, boiling. The effect of carbonation time, temperature, concentration of ZnCl 2 and impregnation ratio on Iodine number and methylene blue adsorption value were investigated. See figure 1-figure 4 . The figures shows that the proper operation conditions are: carbonation time is 1.5 hrs. activation temperature is 300-500 °C, concentration of ZnCl 2 20% and impregnation ratio 1:4, with iodine number being the target; carbonation time is 1 hr, activation temperature is 500 °C, concentration of ZnCl 2 30% and impregnation ratio 1:4, with methylene blue adsorption value being the target.
Micro-Structure
SEM is used to further observe the micro-structure of the two kinds of activated carbon products. See figure 5-figure 6. It shows that, after activation, the entire structure is destroyed and changed into some irregular form, and is distributed with uneven pores of varied sizes. The activated carbon with high iodine number has relatively low activation temperature and time, and the surface of activated carbon is honeycombed with irregular elliptical pores, which belongs to micro-porous structure. The activated carbon with higher adsorption value of methylene blue has higher activation temperature and activator content. The activated carbon is full of larger pores, which is beneficial to the diffusion of methylene blue in the pore.
Conclusions
(1) Waste penicillin mycelium (WPM) was treated by microwave hydrolysis in alkali condition to remove nitrogenous materials, while the residue was used to prepare activated carbon. It can reduce the emission of NO x gas during the activation process, effectively reducing the pollution to the environment, and realizing the clean utilization of penicillin waste residue.
(2) The proper process conditions for the preparation of activated carbon with iodine adsorption value were obtained: activation temperature 300 °C, activation time 1 h, impregnation ratio 1:4, activator concentration 20%. Under this condition, the iodine number of the activated carbon prepared is micro-pore dominated activated carbon. (3) The proper conditions for the preparation of activated carbon with methylene blue adsorption is obtained: activation temperature 500 °C, carbonation time 2 h, impregnation ratio 1:4, activator concentration 30%. Under this condition, the product is meso-pore dominated activated carbon.
